to prepare fluorinated vulgamycins have been followed by 19F NMR spectroscopy.
It has been proved by stable isotope experiments5) that the pyrone ring and nonaromatic moiety of vulgamycin are derived from acetic acid units with the aromatic part being derived from benzoic acid. Therefore we have undertaken to introduce fluorine into the benzoyl unit by using fluorobenzoic acids as precursors.
Experimental
Instrument 1H NMR and 13C NMR spectra were recorded on a Jeol GX-400 spectrometer.
Mass spectral determinations were carried out on a Shimadzu LKB 9000 GC/MS spectrometer. UV spectra were recorded on a Hitachi-32 spectrophotometer.
19F NMR spectra were recorded on a Jeol GX-400 spectrometer under the following conditions; resonance frequency 376 MHz, data points 16K, spectral width 50 KHz, acquisition time 0.164 second, and pulse delay 1.0 second. Potassium fluoride was used as an external standard.
Results

Fermentation
S. hygroscopicus No. A-5294 was cultivated at 27°C in 500-m1 Erlenmeyer flasks, each containing 100 ml of a medium consisting of glucose 5.0%, soy bean meal 1.0%, Ebios 0.4%, meat extract 0.2%, NaC10.2 %, KCl 0.2%, and CaCO, 0.02% (pH 7.2). After 36 hours of cultivation, a fluorinated precursor such as ortho-, mesa-, para-or 3',4'-difluorobenzoic acid was added to the cultured broth at a concentration of 100 ,ccg/ml and the cultivation was continued for a further 120 hours.
The fluorinated metabolites in the fermenta- Fig. 2 , two signals due to the precursor and fluorinated vulgamycin were observed in the 19F NMR spectrum of the cultured broth supplemented with mesa-fluorobenzoic acid as a precursor. By judging from the peak height of the signals, it was suggested that about 70% of the added precursor was metabolized. The 19F NMR spectral data of fluorovulgamycins and fluorobenzoic acids are given in Table 1 .
In addition to these two resonances, another 1°F-signal due to an unknown metabolite is observed in Fig. 2 . Similar phenomena were observed when ortho-, para-or 3',4'-difluorobenzoic acid Time (minutes) 
Isolation
The isolation procedure is depicted in Fig. 3 . The filtered broth (1 liter) was adsorbed on a Diaion HP-20 column and eluted with 100 % methanol. The eluate was evaporated to dryness under reduced pressure and the residue was dissolved in methanol. After removal of insoluble materials by centrifugation, the supernatant was concentrated and applied to a Toyopearl HW40F column which was developed with methanol. The unchanged precursors were removed by this procedure. Combined fractions containing vulgamycin and fluorovulgamycin were concentrated in vacuo to give a solid residue which was subjected to HPLC to separate the fluorinated vulgamycin from vulgamycin. A typical HPLC elution pattern and retention times are shown in Fig. 4 and Table 2 
Physico-chemical Properties
As shown in Table 3 , fluorovulgamycins were obtained as white crystals or powder. They showed the same Rf values (0.56, silica gel TLC, chloroform -acetone (1: 1)), and could not be distinguished from vulgamycin. The UV spectral data are also summarized in Table 3 .
Structure Determination
The structures of these four fluorovulgamycins were determined based on 1H and 13C NMR spectral analysis. The 400 MHz 1H NMR spectrum of each fluorovulgamycin showed in common the presence of two rneta-coupled protons due to the pyrone ring (H-11, H-13), a methylene (H-7), a methoxy, four methines (H-3, H-5, H-6, H-9) and di-or tri-substituted phenyl protons. The assignments of these signals are summarized in Table 4 . The 1H NMR spectra of these fluorovulgamycins are in good agreement with that of vulgamycin except for the aromatic region.
When a fluorine atom was introduced into the benzoyl moiety, ortho and para protons showed upfield shifts of about 0.2 ti 0.3 ppm but frieta protons were little affected7) . In addition, H-F spin coupling was observed, with a magnitude of 8-12 Hz for ortho protons and 6-10 Hz for meta protons1). The chemical shifts and splitting patterns of these fluorovulgamycins were almost identical with those of the corresponding fluorobenzoic acids. Based on these spectral data, the structures of fluorovulgamycins have been determined as shown in Fig. 1 .
The 100 MHz 13C NMR spectra of fluorovulgamycins (Table 5 ) also revealed a pyrone ring (C-10 to C-14), a methoxy carbon and a benzoyl function. In the aromatic carbon region, changes of the chemical shifts were observed by the introduction of fluorine. The aromatic carbon directly attached to fluorine showed a downfield shift of 30-35 ppm8) and it was coupled with the halogen atom with a coupling constant of ca. 250 Hz. The vicinal carbon exhibited an upfield shift of ca. 14 ppm, with the coupling constant being 10-20 Hz, while the carbons meta to fluorine showed a downfield shift of about 0-3 ppm, with the coupling constant being 10 Hz. These 13C NMR data, shown in Table 5 , Table 5 . 13C NMR spectra of vulgamycin and fluorovulgamycins.
C-10 C-11 C-12 C-13 C-14 For abbreviations, see Table 3 . Expressed in ppm from internal TMS. Values in parentheses are coupling in Hz with fluorine. Spectra were taken in CD3OD at 100 MHz except for ortho-fluorovulgamycin which was dissolved in (CD3)2SO. 
